® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



Will 



0 597 443 A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 93118146.5 
© Date of filing: 09.H.93 



© int. CI. 5 : H03M 5/14, G11B 20/14 



© Priority: 09.11.92 JP 298670792 
04.06.93 JP 134287/93 

® Date of publication of application: 
18.05.94 Bulletin 94/20 

© Designated Contracting States: 
DEFRGB 

© Applicant: SONY CORPORATION 
7-35, Kitashinagawa 6-chome 
Shinagawa-ku 
To)cyo(JP) 

© Inventor: Ino, Hiroyuki, c/o Sony Corporation 
7-35, Kitashinagawa 6-chome, 
Shinagawa-ku 
Tokyq(JP) 



Inventor: Sato, Takashi, c/o Sony Corporation 
7-35, Kitashinagawa 6-chome, 
Shinagawa-ku 
Tokyo(JP) 

Inventor: Nakagawa, Toshiyuki, c/o Sony 
Corporation 

7-35, Kitashinagawa 6-chome, 

Shinagawa-ku 

Tokyo(JP) 

© Representative: Melzer, Wolfgang, Dipl.-lng. et 
al 

Patentanwalte, 
Mitscherlich & Partner, 
Sonnenstrasse 33 
D-80331 Munchen (DE) 



© Modulating method, modulating device and demodulating device. 



© A modulating method, a modulating device and a demodulating device, in which it is possible to improve the 
digital sum value (DSV) of the coded information, modulated for transmission or recording on the recording 
medium, are disclosed .An encoding circuit (11) translates a sequence of input; data into., a sequence of coded, 
data suitable for transmission J A pattern generating reircuit* (12) generates a-,pattern of; a.pre-setlength,at a pre- : 
set interval ^inversely proportionate to the 'low-range? eutroff .frequency of the modulated coded , data. A pattern - 
inserting circuit <1 3) inserts the patterns into the sequence of coded data A at the prerset interval. A modulating 
circuit 1 (14) ( NR2 1 modulates the pattern- interlaced sequence of the : coded data B and outputs the resulting 
sequence. A timing control circuit (15) controls the pattern inserting circuit (13) a so forth. The DSV of . the 
modulated coded data may be controlled by the inserted patterns,; while the increase in redundancy may be 
maintained at a necessary minimum value to adapt the DSV control characteristics to the specifications 
demanded by the transmission system. 
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DETAILED DESCRIPTION OF THE INVENTION 
Field of the Invention 

5 This invention relates to a modulating method, a modulating device and a demodulating device in which 

it is possible to improve the digital sum value (DSV) of the coded information, modulated for transmission or 
recording on the recording medium. 

Prior Art 

70 

When transmitting the information or recording the . information on. a recording medium, such as a 
magnetic tape, a magnetic disc or an optical disc, the information is encoded and modulated for 
transmission or recording, and the resulting coded, and modulated information is; transmitted: Meanwhile, in 
order to prevent errors from being produced due to fluctuations in the reference level incurred when 

75 converting the playback signals into bi-level or digital signals during reproduction, or to prevent fluctuations 
in various error signals, such as tracking error, signals employed for servo control e.g. of disc devices, it is. 
mandatory that the coded modulated information be free of dc components. ; ~ * 

The digital sum value, which is the sum of data symbols n 1" and "0" since the start time of the 
sequence of coded and modulated information, with the data symbols "1 n and "O/Vbeing set to + 1 and -1, 

20 respectively, represents a measure for evaluation of the dc components in the sense that, if the absolute 
value of the DSV is small, the amount of dc components or the low-range components is small. 

Consequently, DSV control is performed in the modulation systems, such as 8 ; to 10 modulation, system, 
employed in a digital audio tape recorder (DAT), 8 to 14 modulation system employed in a compact djisc 
(CD) player or a Miller 2 (Miller square) modulation system employed in a magnetic disc,, d^yice.^fof : 

25 reducing the absolute value of the DSV in the wake of the non-return-to-zero (NRZ) modulation which 1.stHa. 
so-called mark position modulation or the non-return-to-zero inverted (NRZI) modulation which is the mark 
length modulation. 

Problem to be Solved by the Invention , < / , / 

In other words, in these modulation systems, the DSV control characteristics are set unequivocally to 

render it difficult to adapt the DSV control characteristics to the demands raised by the transmission system" 

or to the recording/reproducing system , , .For .-example,. /it ,has r .be?n„.a . frequent . .pccurregq^ that . the, ^ DSV. 

control characteristics fail to meet the demands raised by the" transmission system, of conversely, the DSV ! 
35 control characteristics more than meet the demands raised by the transmission system, that is, manifest 

excess redundancy.-"" ,n ' ; - • ■.•■:..-.£" 

On the other hand, in the general codes, such as the so-called (d, k; m, n; r)code having the minimum^ 

run of 0s equallo d and the maximum run off Gs equal *tb ^ which code represents a fixed- length cod^qr lD 

the varia'bleMength code-fdr r =' 1 or f '^15, respectively?! therDSV eqntrolf.is^not made, so ; that errors^ are^ 
40 likely 'to be produced due tb the dc components. Although it is possible to design-the.code Jo take account 

of th^^DSV control characteristics, the number of control items and redundancy, tend to; be increased.,:;, : 
In vifew' bf the ^ above-depicted^: problerhs of the prior art, it is an object of . the present invention! to 

provide a modulating method, a modulating device and a decoding, device-; wherein -, the increase in. 

redundance may be maintained at a necessary 1 minimum value for the. codes not taking account of DSV 
45 control in order to enable the DSV control to b& made to meet the;demands:raised by the transmission ,, 

system. ^ ("■'•• ' * 

Means to Solve the Problem 

so For accomplishing the above object, the first modulating method according to the present invention 

consists in inserting patterns each having a pre-set length into, a sequence of coded data at *a pre-set 
interval, and NRZI modulating the sequence of coded data interlaced with the patterns for outputting the 
DSV controlled modulated code. 

The second modulating method according to the present invention consists in inserting a pattern having 

55 a length equal to 2 (d + 1) bits at a pre-set interval into a sequence of (d, k) coded information, and NRZI 
modulating the sequence of (d, k) coded information interlaced with said patterns for outputting the DSV 
controlled modulated coded information. y x 
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The third modulating method according to the present invention, related to the first or second 
modulating method, consists in that the pre-set interval is of a value inversely proportional to the low-range 
cut-off frequency of the modulated coded information. 

The fourth modulating method according to the present invention, related to the first or second 
5 modulating method, consists in that the patterns comprise three different patterns, that is a pattern with 0 
"1 a pattern with 1 n 1 n and a pattern with 2 M t "s. 

The fifth modulating method according to the present invention related to the third modulating method 
consists in that the patterns comprise three different patterns, that is a pattern with 0 "1", a pattern with 1 
"1" and a pattern with 2 "fs. 
10 The sixth modulating method according to the present invention related to the fourth modulating method 

comprises summing the DSV upstream of a currently inserted" pattern to the DSV of a sequence of coded 
information between the 1 currently inserted pattern and a pattern to be inserted next time and selectively 
inserting one of said three different patterns which will give the smallest absolute sum value. 

The seventh modulating method according to the present invention related to the fifth modulating 
75 method comprises summing the DSV upstream of a currently inserted pattern to the DSV of a sequence of 
ceded information between the currently inserted pattern arid a pattern to be inserted 1 next time and 
selectively inserting one of the three different patterns which will give the smallest absolute sum value. 

The first modulating method according to the present invention comprises pattern inserting -means for 
inserting patterns each being of a pre-set length into a sequence of coded information, and modulating 
20 means for NRZI modulating the sequence of coded information interlaced with the patterns from the pattern- 
inserting means, wherein the modulating means outputs the sequence of DSV controlled modulated coded 
information. ; 

The second modulating method according to Xhe present invention comprises pattern inserting meians 
for inserting patterns each being of a length equal to 2 (d + 1) bits into a sequence of (d; k) coded, 
25 information at a pre-set interval, and modulating 1 means fbrNRZI modulatihg- the sequence of (d, k) coded 
information interlaced with the patterns from i the pattern inserting means, wherein the modulating means 
outputs the DSV controlled modulated coded information. 

Trie third modulatihq device according to the present invention, related to the first or second modulating 
device, is so designed that the pattern inserting means insert the patterns at a pre-set interval inversely 
30 proportional to the low-range cut-off frequency o^ said modulated code information. 

The fourth modulating device according to the present invention, related to the first or second ■■•} 
modulating device, is so designed that the pattern inserting means select and insert one of three different 
patterns, that is a pattern with 0 w 1 a pattern with 1 "1 " and a pattern with 2 "1 M s. > : 

The fifth modulating device according to the present invention, related to the third modulating device, is 
35 so, designed that the' paittern inserting means select and insert' one of thriee different patterns, that is a 
pattern with 0 "1", a pattern with 1 "1" and a pattern with 2 "1"s. 

The sixth modulating device according to the present invention, related to the fourth modulating device; 
comprises control means for causing the pattern inserting means to sum the DSV* upstream of a currently 
inserted pattern to the DSV of a sequence : of T cbded information between the 1 currently inserted/pattern^and . 
40 a pattern to be inserted next time and to selectively insert -one 1 of 'the^tHree different patterns whichrwill give? 
' the .smallest" absolute sum Value: ' ! "\' 7 r i,: r i . : > .. . . .. 

..^ ''the^seve^ntri ;'mpduia[ting device according to the present invention, related to the fifth modulating 
device, corn prises ^cohtrol means for causing the pattern inserting means to sum the DSV upstream of a 
currently inserted pattern to the DSV of ! a sequence of coded information between the currently inserted 
45 pattern 'and a pattern to be inserted hext ; time arid ; to selectively insert one of the three different patterns 
which will give the smallest absolute sum value. < 

A demodulating device according to the present invention comprises demodulating means supplied with 
a sequence of modulated coded information previously interlaced with pre-set length patterns at a pre-set 
interval arid subsequently NRZI modulated with DSV control, the demodulating means NRZI demodulating 
so the sequence of modulated coded information and reproducing the sequence of coded information 
interlaced' with the patterns, and pattern removing means for removing the patterns from the sequence of 
coded information interlaced with the patterns from the demodulating means for reproducing the original 
sequence of coded information. 

The eighth modulating method according to the present invention comprises inserting patterns each 
55 being of a length equal to 2 (d + 1) bits into a sequence of (d, k) coded information at a pre-set interval, 
NRZI modulating the sequence of (d, k) coded information interlaced with the patterns from the pattern 
inserting means, and outputting the sequence of DSV controlled modulated coded information, with the. 
patterns being selected on the basis of (d + t) bits preceding and following insertion of the patterns. 
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The ninth modulating method according to the present invention, related to the eighth modulating 
method, comprises selecting the patterns on the basis of (d + 1 ) bits directly following the pattern if 1 is 
not present. injd + 1) bits directly preceding the insertion of the patterns and 1 ^ (d + 1) 

bits directly following the insertion of the patterns, and selecting the patterns on the basis of the (d + 1) 

5 bits directly preceding the pattern if 1 is present in the (d + 1) bits directly preceding the insertion of the 
patterns and 1 is not present in the (d + 1) bits directly following the insertion of the patterns. 

The tenth modulating device according to the present invention, related to the eighth or ninth 
modulating device, is so designed that, if 1 is not present in the (d + 1) bits immediately preceding the 
inserted pattern nor in the (d, + 1) bits immediately following the inserted patorn.the pattern is set to a first 

io inverting pattern in which onlythe (d + 1)th. bit as counted frorn the least significant bit as the firist bit is 1 
or to a first non-inverting pattern having two B 1"s and satisfying the coding rule of said <d, k) code; if 1 is 
not present in the immediately preceding (d .+ 1) bits and 1 is present in the immediately f^ 
bits, the pattern is set to a second inverting pattern having its upper (d + 1) bits equal to the immediately 
following (d + 1) bits and having its lower (d + 1) bits all 0, .or to a ^cpnd no 

75 the immediately following (d + 1) bits are repeated twice; if 1 is present in the immediately prerceding ^ (d 
1) bits and 1 is not present in the immediately following (d + 1) bits, the pajttern is set to a third inyertihg 
pattern having its upper (d + . 1) bits all 0 and having its lower (d* + t) ^ equal to the 
preceding (d + 1) bits or to a third non-inverting pattern in which the immediately preceding (d I + 1) bits 
are repeated twice; and, if 1 \s present in both of the immediately preceding (pC+ H^bite ahd^the 

20 immediately-following (d + 1) bits; the pattern is set to the firs^ inverting pattern or a fbu^ 

pattern consisting of the immediately preceding (d + 1) bits and the immediately following (d ^ 1 ) bits. 

The eleventh modulating method , according to. the . present Jnyention,, . related. . to toe tenth ^modulating 
method, \s so designed that, if the relation 2d < k < (2d ; + , 1) holds, tte iourt^ 
selected on the basis qf d/2 bits id being an i: even : number, ; pre^^ 

25 pattern, or (d + 1)/2 bits d being an odd number, preceding and following thehnse^ 

The twelfth modulating device according to the present invention., re jated to t^e, tenth 6/^ eleventh 
modulating device, comprises summing the DSV upstream of a currently inser^ed r pattern to the. DSy of a 
sequence of coded information between the currently inserted pattern and a ? patfcerri ^ be | in sorted ne>rtt 
and selecting the inverting patterns or the nonninverting patterns so th valu? becomes 

30 the least. .■ , \o , . • . • \ .m^:. - • •/ ,■•} 

Operation < :.:■-,,■■<[■ > -i . . .> ' ; .. . 

In the first modulating method, the. patterns each being , of, a preset len^k 
35 intervals into a sequence of coded information and subsequently, NRZ I modulated to Output DSV &rrt^ 
modulated coded information. « : > ^ 

In the second modulating method, the patterns each.being ^ 
pre-set intervals into a sequence 06 2 ; (d; ^i=l^c?gded ipformat 
output DSV cbntrolledimodulated coded information. - ; ; >\ -v.^ah^. : i ^ 
40 In the third modulating method, related to the first or second modulating, method, the prerset interval is 
set to^a value inversely proportional to .the, low-range cut-off frequency of the modulated p^ 
-* In the fourth modulating method, related to the first or second modulating method, th^p 
three different patterns, that is a pattern with 0 "1", a pattern with 1 "I" and a pattern ^ith£."1 n s. . r . 
In the fifth modulating method, related to. the first or second modulating method, the patterns are t^e 
45 different patterns, that is a pattern with 0 "1 \ a pattern with 1 w 1 " and a pattern with 2 "1 "s. , 

In the sixth modulating method, related to the , fourth modulating method, the. DSV ^upstream of the 
currently inserted pattern is summed to the DSV of the sequence of coded, information between the 
currently inserted pattern and the pattern to be inserted next time, and one of the three, different patterns 
which will give the smallest absolute sum value is selected and inserted. : : { ,| : " 

50 In the seventh modulating method, related to -the fifth, modulating method^ 

currently inserted pattern is summed to the DSV . of , the sequence of,, coded information b^ty/een the 
currently inserted pattern and the pattern to be inserted next time, and one of the three different patterns 
which wiH give the smallest absolute sum value is selected and. inserted. ( - , , 

In the first modulating device, the patterns each being of a, pre-set length are inserted, into a sequence 
55 of coded information at , pre-set intervals and subsequently -NRZ I modulated for outputting ; DSV controlled 
modulated coded information. . . : . , ; • . 

In the second modulating device, the patterns each being of a length, equal to 2 (d + 1) bits are 
inserted into a sequence of (d, k) coded information at pre-set intervals and subsequently NRZI modulated 
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for outputting DSV controlled modulated coded information. 

In the third modulating device, related to the first or second modulating device, the pre-set interval is 
set to a value inversely proportional to the low-range cut-off frequency of the modulated coded information. 

In the fourth modulating device, related to the first or second modulating device, the patterns are three 
5 different patterns, that is a pattern with 0 "1", a pattern with 1 "1" and a pattern with 2 w 1 M s. 

In the fifth . modulating device, related to the third modulating, device, the patterns are three different 
patterns, that is a pattern with 0 "1", a pattern with 1 "1" and a pattern with 2 "1 "s. - 

In the sixth modulating method, related to the fourth modulating method, the DSV upstream of the 
currently inserted pattern is summed to the DSV of the sequence of coded information between the 
w currently inserted pattern and the pattern to be inserted next time, and one of the three different patterns 
which will give the smallest absolute sum value is selected and inserted. 

In the. seventh modulating method, related to the fifth modulating method, the DSV upstream of the 
currently inserted pattern is summed to the DSV , of the sequence of coded information between the 
currently inserted pattern and the pattern to be inserted next time, and one of the three different patterns 
75 which will give the smallest absolute sum value is selected and inserted. 

In the demodulating device, the modulated coded information is NR2I demodulated to reproduce the 
sequence of coded information interlaced with the patterns, and the patterns are removed from the 
sequence of coded information to reproduce the original sequence of coded information. 

In the eighth modulating method, the patterns each being of a length of 2 (d + 1) bits are inserted into 
20 a sequence of (d, k) coded information at pre-set intervals and subsequently NRZI modulated to output DSV 
controlled modulated coded information, in which the patterns are selected on the basis of (d + 1 ) bits 
preceding and following the pattern insertion. 

The ninth modulating method, related to the eighth modulating method, comprises selecting the 
patterns on the basis of (d + 1) bits directly following the pattern if 1 is not present in (d + 1) bits directly 
25 preceding the insertion of the patterns and 1 is present in the (d +1) bits directly following the insertion of 
said patterns, and selecting the patterns on the basis of the (d + 1) bits directly preceding the pattern if 1 
is present in the (d + 1) bits directly preceding the insertion of the patterns and 1 is not present in the (d 
+ 1) bits directly following the insertion of the patterns. 

In the tenth modulating method, related to the eighth or ninth modulating method, the patterns are set 
30 to the first inverting pattern or to the first nbn-invertihg pattern if 1 is not present in (d -+ 1) bits immediately 
preceding the inserted pattern nor in (d + 1) bits immediately following the inserted pattern, and the 
patterns are iset to the second inverting pattern or to the second non-inverting pattern if 1 is not present in 
the immediately preceding (d + tj bits nor in the immediately folldwing (d + 1) bits, while the patterns are 
set to the third inverting pattern or to the third non-inverting pattern rf 1 is present in the immediately 
35 preceding (d + 1) bits and is not present in the immediately following (d + 1) bits, and the patterns are set 
to the first inverting pattern or to the fourth non-inverting pattern if 1 is present in both the immediately 
preceding (d + 1) bits and the immediately following (d + 1) bits. 

In the eleventh modulating method, related to the tenth modulating method, if the relation 2d < k < (2d 
+ 1) holds, the fourth non-inverting pattern is selected on the basis of d/2 bits, d being an even number, 
40 preceding and following the insertion of the pattern, or <d + 1)/2 bits d being an odd number, preceding 
and following the insertion of the pattern. 

In the twelfth modulating method, related to the tenth or eleventh modulating method, the DSV 
upstream of a currently inserted pattern is summed to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to be inserted next time and the inverting patterns or 
45 the non-inverting patterns are selected so that the absolute sum value becomes the least. 

Embodiments 

Referring to the drawings, preferred embodiments of the modulating method, modulating apparatus and 
so the demodulating apparatus are explained in detail. Fig.l shows, in a block diagram, the circuit construction 
of essential parts of a modulating device embodying the resent invention. 

The modulating device comprises an encoding circuit 1 1 for translating a sequence of input data into an 
encoded sequence suited to transmission, and a pattern generating circuit 12 for generating a pattern of a 
pre-set length at a pre-set interval. The modulating device also comprises a pattern inserting circuit 13 for 
55 inserting the patterns from the pattern generating circuit 12 at the pre-set interval, a modulating circuit 14 
for non-return to zero inverted (NRZI) modulating the sequence of input coded data interlaced with the 
patterns inserted by the pattern inserting circuit 13 and outputting the modulated data, and a timing control 
circuit 15 for controlling the pattern- inserting circuit 13, as shown in Fig.1. 
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70 



With the present modulating apparatus, the sequence of input data is translated into a sequence of 
coded data A suited for transmission or recording, and patterns each consisting of T dc bits providing a pre- 
set length are inserted into the sequence of encoded data, as shown in Fig.2. The sequence °* encoded 
data interlaced with the inserted patterns B is NRZI modulated to output so-called' digital sum-value (DSV) 
controlled modulated coded data. 

Specifically, the encoding circuit 11 translates the sequence of input data into the sequence of coded 
data A in accordance with the coding rule suited to transmission or recording. For example, the circuit .11 
translates the sequence of' inftrt data into data coded by the so-called <d,< k; rri, n;*) code in wh.chthe 
minimum run of "0"s is d and the maximum run of "6"s is k. Specifically; the encoding circuit 11 encodes.; 
the sequence of input data based on coding rules not taking account 'of the" DSV control, .such as the so- 
called modified frequency modulation (MFM) Which e:'g. is the^i'l'Srl) -co^.;tJie.80^^lRLL,(2. 7). 
modulation, which is the (2, 7; 1. 2; 1) coding as. shown in the following Table 1 s or th©^22;>2; 5; 5) 
coding,.as shown in the following Table 2. Thus the sequence of coded data which is not DSV controlled^ is. 
outputted by the encoding circuit 1 1 . ' . ' , . . , . ! ! 
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TABLE 1 
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TABLE 2 (1/2) 
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TABLE 2 (2/2) 



data words 



i=5 0000011111 
000001 1 110 
000001 1 101 
000001 1 100 



code words 



01000 
01000 
01000 
01000 
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00100 


00 100 


00100 ; 


00001 


OOOOO 




00000001 1 1 


00100 


". .. - ' ■ 0 
001 00 


00010 


00001 


ooooo ; 




0000000110 


O01O0 


o ooioo 


.ooooi; ; 


; 00001 


popoo j 




0000000101 - 


00100 


s O0O1O 


: .00010 ; 


000 i o 


oopop , 1 


35 


0000000100 


00100 


000 vo 


0001 Q' 


00001 


OOOOO ! 




00000000 1 1 


00100 


00001 


00001 


bqooi 


ooooo ! 




0000000010 a r 


X)00 1 0f O 000 1 0 ocOOOOjl o 


oqo;ooi 


OOOP;0O" 




0000000001 ore 


QO0010 


: i 000 10 c i 000 TO; r 


00010 


00000 : 


40 


0000000000 ;m 


DQ0010 


Q00 1:0 


r = 00010, 


,00001 


poopo, ; i 






O0O 10 


00001 


00001 


00001 


odoob 






00001; 


: ooooi 


: ooooi 


00001 


OOOOO . i 






; SYNC 


:f or 


mod2to4d5: 




45 




A SYNC 




2 3T 2 IT.. 6T 








BSYNC 




2 IT 2 3T 6T 





50 



55 



The pattern generating circuit 12 generates patterns consisting of T dc bits at pre-set intervals each 
consisting of T code bits based on the sequence of coded data A supplied from the encoding circuit 11. The 
pattern inserting circuit 13 inserts the patterns each consisting of T dc bits supplied from the patten 
generating circuit 12 at the pre-set intervals T code into the sequence of coded data A supplied from the 
encoding circuit 11 for generating the sequence of coded data B. The modulating circuit 14 NRZI 
modulates the sequence of coded data B supplied from the pattern inserting circuit 13 for generating the 
modulated coded data which are outputted. Synchronizing signals and so forth are appended to the coded 
modulated data which are transmitted or recorded. 
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Meanwhile,' the coded modulated data outputted from the modulating circuit 14 has its logic inverted 
downstream of the inserted pattern, that is "0" and "1" in the data are inverted to "1" and "0", respectively, 
if the number of "1"s in the inserted pattern is an odd number, whereas the logic inversion is not incurred if 
the number of. "1 "s is ah- even number. According to the present invention, -the patterns inserted-into the 

s sequence of coded data A are selected for controlling the DSV of the coded modulated data. The pattern in 
which it is possible to minimize an increase in redundancy is that in which the number of "t"s is 0 or 1. 
Consequently, the above-mentioned pattern generating circuit 12 generates patterns in which the number of 
n 1"s is 0 or 1. Meanwhile; with this pattern in which the number of "1"s is 0, the run of consecutive "0"s 
occasionally exceeds the maximum run "k", depending on the coding rule employed. For such code, the. 

70 pattern in which the number of "1 "s is two is generated in lieu of the pattern in which the number of "1 "s is 
0. That is, the pattern generating circuit generates three different patterns, that is the patterns in which the 
number of "1 "s is 0, 1 and 2. 

On the other hand, if, when the patterns are inserted by the pattern inserting circuit 13 at arbitrary 
positions of the sequence of coded data A, the sequence of coded data B is to satisfy the (d, k) coding rule, 

is the minimum length, that is the pre-set length defined by T dc bits, of the pattern having the number of "1"s 
equal to 2, and that of the pattern having the number of "1 "s equal to 1, are respectively given by the 
following equations^ 1 and 2: 

T dc = (d - Si) + t + d + 1 + <d - (d - Si)) = 2 (d + 1) Equation 1 

T dc = (d - Si) + 1 +(d -(d- <d - Si)) - d + 1 Equation 2 

Meanwhile, in the equations 1 and 2, Si stands for the number of consecutive "0"s upstream of , the 
inserted pattern, and satisfies the condition of 0 £ Si S k. Therefore, if the (d. k) code is employed in the ^ 

25 encoding circuit 1 1 ; the pattern generating circuit 12 generates a pattern consisting of 2 (d 1) bits. If k = 
«>, the abbve-mentiqried pattern in which the number of "1"s is 0 may be employed, in which case the 
pattern having (d + i) bits is generated. ; 

Specifically, for the (4; 22; 2, 5; 5) codei for example, the pattern generating circuit 12 selectively; 
generates one of patterns "0000000000", "0000100001" or "1000010000", referred to herein as even "1" 

30 number group/patterns, arid a pattern "0000100000", referred to herein as odd "1" number group pattern, 
these being patterns consisting of 10 (= 2 x (4 + 1)) bits. Selection of the patterns is by the algorithm 
which is hereinafter explained. ; 

The DSV upstream of the pattern bi now to be inserted is summed to the DSV of a sequence of coded \ 
data betWeeW the pattern bv and a pattern b2 to be inserted next time and one of the even "1 number 

35 group patterns and the odd "1 " number group pattern is selected so that; the absolute value of the sum, 
becomes smaller, as shown for example in Fig.2. 

On the other hand, selection of one of the even "1 " number group patterns is so made that, if four 
consecutive M 6 w s are present directly after or before the inserted pattern, the patterns "000010000.1" or 
"166o6V6d66 >,, is selected, respectively. whileihe pattern "0000000000" is selected otherwise, r 

40 , ^f? r R f-J- (2> 7). mo dulatidh, for example, the pattern generating; circuit 12 selectively generates one of 
patterns "001001 ", : "1 001 00" or "01 001 0"; referred to herein as even "1" number group patterns, or 
rjatterns "10b666d w , "010000", "001000", "000100", "000010" or "000001", referred to herein as odd ",1" 
number group pattern, these being patterns consisting of 6 (= 2 x (2 + 1)) bits. Selection of one of the 
even "1" number group patterns is so made that, if the pattern immediately preceding the inserted pattern 

45 brtds witty"!" or the pattern immediately succeeding the inserted bit begins with "1", the pattern "001001 " 
or "1 001 00" is selected and, if otherwise; the pattern "010010" is selected is selected. Meanwhile, there is 
no limitation as to the selection of the odd "1 " number group pattern. 

On the other hand, the timing control circuit 15 controls the pattern generating circuit 12 and the pattern 
inserting cirbuit 13 so that the patterns each consisting of T dc bits are inserted into the sequence of coded 

50 data A at the pre-set intervals T code . The control is so made that the pre-set interval of Tcode -bits is inversely 
proportional to the low range cut-off frequency of the coded modulated data. Specifically, if the. low range 
cut-bf frequency is f c , the low-range cut-off frequency f c is inversely proportional to the pre-set interval of 
Tcode bits, as shown by the equation 3. The timing controlling circuit 15 controls the pattern generating 
circuit 12 and the pattern generating circuit 13 based on the pre-set interval of T code bits produced based on 

55 the equation 3. 

f c = K/ (Tcode + T dc ) Equation 3 
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Meanwhile, the value of the coefficient K is a value based on the coding rule. For the above-mentioned 
(4, 22; 2, 5; 5) code and for the RLL (2, 7) modulation, K = .0.08 and K = 0.5, respectively. The low-range 
characteristics for the (4, 22; 2. 5; 5) coding and forthe^LL (2, 7) modulation, with the (T CO de + T dc ) as a 
parameter, are shown in Figs.3 and 4, respectively. As shown in Figs.3 and 4, the pre-set interval 
5 represented by T codc bits is selected to be smaller and larger for the transmission system which is in need 
of larger low-range suppression characteristics and for r the transmission system which is in need of smaller 
low-range suppression > characteristics, respectively. In other words, the value of the pre-set interval 
represented by the number of T code bits may be selected so that the DSV control characteristics may be 
adapted to demands raised by the transmission system to enable the increase in redundancy to be reduced 
10 to a required minimum value. 

The patterns generated by the pattern generating circuit 12 are supplied to the pattern inserting circuit 
13 so as to be thereby inserted into the sequence of coded data A r As a result thereof, the DSV controlled 
modulated coded data, that is the modulated, coded data from, which the dc components or low-frequency 
components have been suppressed or, eliminated, are outputted fr ; pm the modulating circuit 14. 
75 ' A preferred embodiment of the demodulating apparatus en>bodying the present invention is explained. 

The demodulating apparatus comprises a demodulating circuit 21 for NR2I demodulating modulated 
signals for reproducing the sequence of encoded data interlaced with the patterns B, a pattern removing 
circuit 22 for removing the patterns from the sequence of coded data B from the demodulating circuit 21 for 
reproducing the original sequence of coded data A, a decoding circuit 23 for decoding the sequence of 
20 coded data A from the pattern removing circuit 22 for reproducing the original sequence of data, a SYNC 
detection circuit 24 for detecting the synchronizing signals, and a timing control circuit 25 for controlling the 
pattern removing circuit 22- based on the synchronizing signals as detected by the SYNC detecting qircuit 
24/ as shown for exampleiin Fig.5.. , *.<•,.,., »» . t : > n r , 

The demodulating circuit 21 is supplied with modulated coded data, which are the , reception 
25 playback signals processed with equalization or bi-leye! processing, to perform NRZ I , demctfulatipn of the 
modulated coded data to reproduce the sequence of coded data interlaced with the patterns ; corresponding 
to the outputs of the pattern inserting circuit 13 of the above-mentioned demodulating apparatus to supply 
the produced sequence of coded data B to the pattern removing circuit 22 and, to the SYNC detecting 
circuit 24. That is, since the modulating apparatus performs DSV\ control v so that no dc.qQmponents or low- 
30 frequency components are contained in the modulated coded data, the modulated ,clata freed of. errors due 
to the dc components may be supplied to the demodulating circuit 21 to enable the sequence , of coded 
data B to be reproduced. ». ^ < ^ . > .<.;.->: •) , • " ■. 

The SYNC detection circuit 24 detects the synchronizing! signals, while the timing control circuit 25 
detects the position of the pattern insertion by counting the .reproduced clocks , based pn the, detected 
35 synchronizing signals to control the pattern removing circuit 22 based on the detected r result. - k .. , 

Under control by the timing control circuit 25, the pattern removing circuit 22 removes the patterns from 
the sequence of coded information B interlaced with the, patterns consisting of J dc bits, inserted at the 
intervals of T code bits to reproduce; the .sequence, of. code ^information A. v Since the patterns^ areuinserted by 
the modulatihg 1 device at the pre-set. internals, of ^Tcbde. tbey may be^ removed easily. f: (T . ; H 
40 The decoding circuit 23 decodes the sequence of coded j information supplied -from the pattern 

removing circuit 22 in accordance with the coding rule employed for transmission or recording to reproduce 
and output the original data. v. > ! >; ..--i r; ... , . 

With the above-described present embodiment, the sequence .of coded information A is interlaced at 
the pre-set intervals of T code : with the patterns having the pre-set lengths of J d c bits and is .subsequently, 
45 NRZI modulated to output DSV controlled modulated cpded information. In this manner, the DSV of the 
modulated code may be controlled based on the number : of n 1"s in.the inserted pattern. 

On the other hand, the sequence of; (d, k) coded .information A is interlaced at the pre-set intervals of 
Tcode bits with patterns each having a length of 2 (d + 1) bits, and is subsequently NRZI modulated to 
output DSV controlled coded information. In this manner, the DSV of. the modulated .codpd, information may 
so be controlled based on the number of n l"s in the inserted pattern. Besides, with the sequence pf codpd 
information B interlaced with the patterns satisfying the, coding rule, the pattern length may be minimized 
and redundancy may be prevented from being increased. 

Besides, by setting the pre-set interval of T^e bits so as to be inversely proportional to the low-range 
cut-off frequency f c . the DSV control characteristics may be adapted to demands raised by the transmission 
55 system. That is, the increase in redundancy may be suppressed to a necessary minimum value. In other 
words, DSV-related constraint conditions in code designing may be eliminated to enable the optimum and 
versatile code to be designed easily. 
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Also, by employing three different patterns with the number of its of 0, 1 and 2, the increase in 
redundancy may be suppressed to a required minimum. 

By summing the DSV upstream of the presently inserted pattern bi to the sum of the sequence of 
coded information a 2 between the pattern br and the pattern ba to be inserted next time, and by selectively 
inserting one of the three patterns so as to give the least absolute sum value, the DSV may be changed 
significantly by employing the patterns of shorter length: 

In addition, by reproducing the sequence of coded information B interlaced with the patterns by NRZI 
demodulation of 1 the modulated coded information, and by removing the patterns from the sequence of 
coded information interlaced with the patterns B for reproducing the original sequence of coded information 
3 A playback may be made in a manner free from errors ascribable to dc components. 

Meanwhile, when NRZI modulating the sequence of the (d, k) coded information for recording on e.g. an 
optical disc, it is preferred for the sake of recording density that the minimum length between transitions 
T min of the recorded waveform be 'longer, that is that .thp minimum run d be larger, while it is preferred from 
thTstandpoint of clock reproduction or so-called jitter that the maximum length between transitions T max be 
5 shorter, that is that the maximum run k be lesser. _ 

The above-mentioned EFM, for examples is the (2, 1.0; 8, 17; i) cbde and, with the ,bitTto-bit interval T of 
the recording waveform; the minimum length between transitions T mi „ and the maximum length between 
transitions T max are 3T and 11T, respectively. With the above-mentioned (4, 22, 2, 5; 5) code, the minimum 
length between transitions T m >„ and the maximum length between transitions T max are 5T and 23T, 
o respectively. That is, with the (4, 22; 2, 5; 5) code ■ - the minimum distance between transitions T min is 
selected to be longer than with' EFM for improving ■ the record ing.dfensity. However, the maximum length 
between transitior^f^ with the (4, 22; 5, 5< 5) code becomes longer. Thus the (4, 18; 2, 5; 6) code and 
the (4 19 2 5* 5) code, having the same minimum length between transitions T min and having the 
maximum .length; bet^en transitions T m?x equal to 19 and 20. respectively; have-been proposed; as shown 
►5 in Tables 3 and 4. ~. / ! 



TABLE 3(1/2) 



data 


words- 


code wo rds 






i = 1 


1 1 


10000 










TO 


01000 










01 


00*00 








i = 2 


001 1 


00010 


ooooo 








OOI 0 


00001 


0000 




* 




101 1 


00000 


00*00 






i = 3 


0001 1 1 


00010 


00010 


ooooo 




0001 10 


00010 


00001 


ooooo 






000101 


00001 


00001 


ooooo 






oooioo 


ooooo 


00010 


ooooo 






O0O01 1 


00000 


00001 


ooooo 




i=4 


00001011 


00010 


00010 


00010 


00000 i 




00001010 


00010 


00010 


00001 


ooooo ! 




00001001 


00010 


00001 


00001 


00000 j 




ooooiooo 


00001 


00001 


ooooo 


ooooo ] 




000001 1 1 


ooooo 


000 1 0 


00010 


ooooo ' ] 




O0O0O1 10 


ooooo 


00010 


00001 


ooooo j 




OOO0O101 


ooooo 


00001 


00001 


ooooo 




00000100 


ooooo 


ooooo 


0000 


oo*oo ! 



30 



35 



40 



45 



50 



55 
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TABLE 3(2/2) 





data words 


c ode " 


words 










5 


1=5 0000001111 
0000001110 
0000001101 
0000001100 


0 1 000 
01000 
00 1 00 
00100 


ooooo 
ooooo 
ooooo . 
ooooo 


ooooo 
ooooo 
ooooo 
ooooo 


00010 
00001 
00010 
00001 


ooooo 
ooooo 
ooooo 
pbooo 




10 


000000101 1 , 
0000001010 

i: ooo6ob i6pi 
..... ooooborpop! 


00010 
OQp 10 

boo lb 

00010 


00010 
00010 

dbb io . 

00001 


oppib 

00010 

boodr 

0000 1 


00010 

bob di 

00001 

odd oi 


ooooo 
bobob 
ooooo 
ooooo 




15 


, 00000001 1 1 

6 b bbbbol 10 
booobboioi 

00000001 00 


00001 

bbboo 
ooddo 
ooooo 


00001 
'' 00010 s 
00010 
OOOTO 


00001 
0001 0 
00010 
00001 


00001 
00010 
00001 
00001 


ooooo 
ooooo 
ooooo 
ooooo 




20 


000000001 1 
0000000010 
0000000001, 


ooooo 
ooooo 
ooooo 


-» 00001 

ooooo 
ooooo 


00001 
00100 
001 00 


00001 
00010 
0000 1 


ooooo 
oqoop 
ooooo 




25 


i=6 00000000001 1 
000000000010 
000000000001 
000000000000 


00010 
0001 0 
00010 
00010 


■ .000 1 0 
00010 
00010 
00010 


00010 

bob id 

00010 
00001 


boo ip 
boo 10 
00001 
00001 


bob iq 
bbooY 
oooof 

00001 


oobbo 
aootib r 
6 boob 1 : 
ooooo 






ASYNC 
. BSYNC 




19T 
1 8 T 


17T 14b it 
19T 13bit 





30 



35 



0 O i 



■JO jjO 



40 



45 



50 



55 
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TABLE 4 



data words 



code words 



10 



i = 1 "11 
10 
01 

i -2 001 1 
0010 

001 1 



75 



25 



30 



35 



40 



i=3 000111 
0001 10 
000101 
000100 

00001 1 

i=4 0000101 1 
00001010 
00001001 
0000 1000 

0O0001 1 1 

7 opbdoi io 
dridodioi 

0000 0 100 
0000001 1 
1=5 0000001 101 

ooooob i 010 

0000001001 
0000001000 

00000001 1 1 
00000001 10 
0000000101 
f _ OOpO.dCjOTpO 

000000001 1- 

0000000010. 
0000000001 

; ' " bobpb ooooo 



45 



10000 
01000 
00*00 



00010 
00001 


ooooo 

00000 








00000 


00*00 








00010 
00010 
00001 

ooooo 


00010 

0000 1 
00001 

0001 d 


ooooo 
ooppo 
ooodo 
ooobb 






00000 


00001 


ooooo 






00010 
00010 
00010 
00001 


000 10 
00010 
00001 
O0001 


00010 
0000 1 
00001 
0O00 1 


ooooo 
ooooo 
ooooo 
ooooo 




b o ,o o 

o o o o 
o o o o 
o ob o 


00010 
00010 
O0OO1 

ooooo 


OOO 1 0 

ooopv 

0O0O1 
0O1O0 


ooooo 
ooooo 
ooooo 

00*00 




00000 


ooooo 


000 1 0 


000*1> 




00010 
O0O1O 
00010 
0001 0 


00010 
OOO 10 
00010 
00001 


OOO 1 0 
OP01 0 
Op 001 
OOOOT 


000,10 
00001 
00001 
00001 


ooooo 
opopp 
ooooo 
ooooo 


00001 
00000 
00000 

ooodo 


O00O1 
00010 
00010 
00010 


0OOO1 
0OO10 
00001 
00001 


00001 
00010 
00001 
00001 


ooooo 
ooooo 
ooooo 
ooooo 


o o o o 
b o o o 
o o o o 
o o o o 
b o o o 


00001 

ooooo 
ooooo 
ooooo 


00001 
00100 
00100 
00010 


•' dbdbi 

0O01O 
00001 
00001 


ooooo 
ooooo 
ooooo 
obooo 



ASYNC 
BSYNC 



20T 
19T 



19T libit 
18T 13b it 



:> in the above! Tables] 3 and ,4, the, bits indicated by. asterisks " are indefinite bits to be determined ;by the 
number of succeeding or preceding "O^s. 

It is noted that, if the above-described embodiment concerning the (4, 22; 2, 5; 5) cod&is directly 
applied to the (4, 18; 2, 5; 6) or <4, 19; 2, 5; 5) codes, it may occur that, depending on the pattern inserting 
positions, the coding rule concerning the maximum run length k (the maximum length between transitions) 
cannot be satisfied, for example, if, in the (4, 18; 2, 5; 6) code, the data is "0011 00000100"; the sequence 
of ; coded information becomes "0001000000 00000000000010000*00". If the above-mentioned odd w 1 " 
, number group pattern of "0000100000" is inserted between the lower 10th and the 11th Bits of the 
sequence of coded information A for inverting the downstream srde logical state, the maximum length 
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between transitions T max becomes 21T, thus not satisfying the coding rule. The algorithm which may be 
employed both for the (4, 18; 2, 5; 6) code and the (4, 19; 2, 5; 5) code will be hereinafter explained. 

For these (4, 18; 2, 5; 6) code and the (4, 19; 2, 5; 5) codes, three different-patterns- having the number 
of 0, 1 and 2, namely the even "1" number group patterns having the number of "1 rt s of inverting the 
5 logical state downstream of the inserted patterns equal to 1, referred to herein as the inverting pattern, and 
the odd "1" number group pattern having the number of "1"s of not inverting the logical state equal to 0 or 
2, referred to herein as non-inverting pattern, are employed, as in the previous embodiment However, the 
patterns are determined in the present embodiment based on (d + 1) bits before and after the pattern 
insertion. 

io The pattern generating circuit 12 is made up of a DSV calculating circuit 12a for calculating the DSV 
value, a direct-preceding and direct-succeeding bit processing circuit 12b for storing the (d + 1) bits before 
and after pattern insertion, and a pattern (decision circuit 12c for summing the DSV upstream of the 
presently inserted pattern to the DSV of the code sequence between the presently inserted pattern and the 
pattern inserted next time, as supplied from the DSV calculating drcuit 12a, and selecting the pattern based 

75 on the (d + 1) bits stored in the circuit 12b, as shown for example 1 irt Fig.6. 1 

The pattern decision circuit 12c selects the pattern using the, directly succeeding (d + 1) bits if "1; "s 
are not present in the (d + 1) bits immediately before the pattern insertion and "1 "s are present in the 
immediately succeeding (d + 1) bits, while selecting the pattern using the directly succeeding (d,-»- 1) bits 
if w 1"s are present in the (d + 1) bits immediately before the pattern insertion and "1"s are not present in 

20 the immediately succeeding (d + 1) bits. - : , ( 

TABLE 5 



directly preceding 
(d-M)bits 


directly, following 
(d + 1)bits r 


upper(d + 1 ) bits of .pattern 


lower(d + 1) bits of pattern,; 


all "0" 


all M 0" 


all M 0 M 


{d + 1)th bit "1" 


all "0 tt 


"1 " present 


directly following (d + 1)bits 


all n 0 M 


"1," present 


all "0" 


jM w o n : ]- ;/;.:° ■ 


directly precedjnjg (d + 1)th bits 


"1" present : 


"1" present 


all "0" o; .0 C: , 


(d-H)th bit "1 n 



35 m TABLE 6 



directly preceding 
(d+1)th bit v 


directly following 
;0 (dfci$j bit ( 0 


upper{d + t)bits of pattern 

: -oo r nnnr - • ! 


lowered ± 1) bits of pattern 


■all "0" ; J 


al! "6 W 


r s^tisfies "d w and includes two "1 "s 


ail M 0 n 


"1" present 0 ] 


directly; fpliqwing(d ^ 1 ) bits 


directly following (d + 1 )bits 


?"1" present 


all M p n 


directly preceding(d + 1) bits 


directly following (d + 1 ) bits 


"1" present 


w 1? present 


directly preceding(d + 1 ) bits 


directly following (d + 1 )bits 



Specifically, as shown in the above Tables 5 and 6, if "1"s are not present in the (d + 1) bits 
immediately, before pattern insertion nor in the (d + 1) bits immediately after pattern insertion, the pattern is 
the first inverting pattern in which only the (d + l)th Bit bbuntecl from the lower most bit as the first bit is 

50 w 1" or the first non-inverting pattern having two w 1 w s and satisfying the coding rule of the (d, M) code, 
whereas, -if-.."!" is not contained in the immediately, preceding (d + 1) bits and tt t" is present in the 
immediately, succeeding (d + .1) bits, the pattern is the second inverting bit Having its urjper (d ■'+ 1) bits 
equal to the immediately succeeding (d + 1) bits and its* lower (d + 1) bits all equal to 0, or' the second 
non-inverting pattern made up of the. immediately succeeding (d + 1) bits repeated twice. On the other 

55 hand, if "1" is present in the immediately preceding (d + 1) bits arid is; hot present in the immediately 
succeeding,(d 1) bits, the pattern is the third inverting pattern hay ing its upper (d + 1) bits all 0 and 
having its lower (d + 1) bits equal to the immediately preceding (d + 1) bits or the third non-inverting 
pattern made up of the immediately preceding (d + 1) bits repeated twice and, if "1 " is contained in each 
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70 



75 



25 



of the immediately preceding and immediately succeeding (d + 1) bits, the pattern is the first inverting 
pattern or the all- 0 fourth inverting pattern. 

That is, if, for the (4, 18; 2, 5; 6) code or the (4, 19; 2, 5; 5) code having the minimum run d equal to 4, 
the 5 4 \+ t) bits directly.before and directly after the pattern insertion is "00000", thus without "1 H , the 
pattern is the first inverting pattern in which the only fifth or the (4 + 1)st bit, as counted from, the lower 
most bit (LSB) as the first bit, is n 1\ that is a pattern "0000010000" or the first non-inverting pattern having 
two "1"s and satisfying the condition of d = 4, such as the patterns "0010000100" or "0100001000". 

If "1" is not present in the directly preceding five bits and present in the directly succeeding five bits, 
the pattern is set to the second non-inverting pattern having its upper five bits equal to the directly 
succeeding five bits and having its lower five bits of "00000", or the second non-inverting pattern made up 
of the directly succeeding five bits repeated twice. . 

If "1" is present in the directly preceding five bits and not present in the directly succeeding five bits, 
the pattern is set to the third non-inverting, pattern having its upper five bits equal to "00000" and having its 
lower five bits equal to the directly preceding five bits, or the third non-inverting pattern having the directly 
preceding five bits repeated twice. • 
v if "1" is present in each of the directly previous five bits and the directly succeeding five bits, the 
pattern is set to the first inverting pattern equal to "0000010000" or the fourth non-inverting pattern made 
up of the same bits as the directly preceding five bits and directly following five bits. If the condition shown 
by the equation 4 is satisfied, the fourth non-inverting pattern may be set to "0000000000". 

2 (2d + 1) £ k Equation 4 

Besides, if the condition shown by the following equation 5 holds; the fourth inverting pattern may be 
set based on x bits before and after the pattern insertion, shown by the equations 6 and 7. 

2d < k < 2 (2d + 1) Equation 5 



For d as an even number,- 



30 x = d/2 Equation 6 

For d as an odd number, 
x = (2d + 1 )/ 2 Equation 7. 



35 



40 



Specifically, if n 1" is not present in x bits directly before and directly after the pattern insertion, the 
fourth inverting pattern is so set that the (x + 1)th bit as counted from the left end (MSB side end) of the 
upper (d + 1) bits is set to 1 and the.(x + 1)th bit as counted from the left end of the lower (d + 1) bits is 
set to 1, as shown Jn the, following Tabie' 7/ For example; jf, for d = 4 asf mentioned above and directly 
preceding and directly succeeding 2 (= 4/2) bits are both "00V the 'foijrth inverting pattern is set to 
V001 00001 00". . ,* /. ~1 . 



TABLE 7 



directly preceding x bits': 


directly following x bits 


upper (d ■+ 1 ) bits of pattern 


lower (d + 1 ) bits of pattern 


all "0" 


all "0" 


<x + 1)th bit from left is "1 " 


(x + 1)th bit from left is "1 " ■ 


all "0" 


yth bit from left is "1 " 


yth bit from left is "1" 


yth bit from left is "1" 


; zth bit from right is "1" 


all "0" 


zth bit from right is"i" 


zth bit from right is % "1 " "■ " 



45 



SO 



55 



' If ri 1" is not present in the immediately precteding x bits and the yth bit as counted from the left end of 
the immediately succeeding x bits is 1, the fourth non-inverting pattern is so set that the yth bit as counted' 
from the left end of the upper (d + 1) bits is 1 and the yth bit as counted from the left end of the lower {d 
+ 1) bits is 1. For example, if the pattern is directly preceded by two.bits of "00" and directly followed by 
two bits of "01", y is equal to 2 such that the fourth inverting pattern becomes "0100001000". If. on the 
other hand, the pattern is directly preceded by two bits of ^00 r and directly followed by two bits of "1p n , y 
is -equal to 1 such that the fourth inverting pattern becomes "1O00010000". 
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If the zth bit as counted from the right end (LSB side) of the immediately previous x bits is 1 and 1 is 
not present in the immediately succeeding x bits, the fourth non-inverting pattern is so set that the 2th bit as 
counted from the right end of the upper (d + 1) bits is 1 and the 2th bit as counted from the right end of 
the lower (d + 1) bits is 1. For example, if the pattern is directly preceded by two bit of "01 H and directly 
5 followed by two bits of "OCT, z becomes equal to 1 such that the fourth inverting pattern becomes 
"0000100001", On the other hand, if the pattern is directly preceded by two bit of "10" and directly 
followed by two bits of "00" z becomes equal to 2 such that the fourth inverting pattern becomes 
"0001000010". 

A concrete example in which the above-mentidned algorithm is adapted to RLL (2, 7) modulation is 
jo hereinafter explained, 

If 3 (= 2 + 1) bits directly before and after the pattern insertion are "000", that is free of 1, the pattern 
is set to the first. inverting pattern in which only the third (= 2 +"' 1th) bit as counted from the LSB as the 
first bit is 1 , or a pattern "000100" or the first non-inverting pattern having at least two "1"s and satisfying 
the condition of d = 2, such as patterns "010010", "100100" or "001001". ■ 

75 If 1 is not present in immediately preceding three bit, and 1 is present in immediately succeeding three, 

bits, the pattern is set to the second inverting pattern having its upper three bits equal to the immediately 
succeeding three bits and having its lower three bits equal to "000", or the second non -inverting pattern 
composed of the same bits as the directly following three bits repeated twice: 

If 1 is present in immediately preceding three bit, and 1 is not present in immediately succeeding three 

20 bits, the pattern is set to the third inverting pattern having its upper three bits equal to "000" and having its 
lower three bits equal to immediately previous three bits, or the third non-inverting pattern composed of the 
same bits as the directly preceding three bits. 

If 1 is present in both the directly preceding three bits and the directly succeeding three bits, the 
pattern is set to the first inverting pattern which is "00100" or the fourth hon-iri verting pattern made up of 

25 the same bits as the directly preceding three bits and the directly following three bits. Meanwhile, since the 
condition shown by the equation 4 is not valid with the present RLL (2, 7) modulation, the pattern "000000" 
cannot be employed. 

However, since the condition shown by the equation 5 is valid, the fourth inverting pattern may be set 
based on the 1 ( = 2/2) bit before and after the pattern insertion. That is, if the pattern is directly preceded 
30 by one bit "0" and directly followed by one bit "0", the fourth non-inverting pattern is set tb "010010". 

If the pattern is directly preceded by one bit "0" and directly followed by one bit "1 ", y becomes equal 
to 1 such that the fourth non-inverting pattern is "100100". 

For example, if the pattern is directly preceded by one bit "1" and directly followed by one bit "0", z 
becomes equal to 1 such that the fourth non-inverting pattern is "001001". 
35 The pattern decision circuit 12c sums the DSV upstream of the presently inserted pattern bi and the 
DSV of the sequence of coded information between the pattern bi and a pattern t>2 to be inserted next time 
and selects one of the above-defined inverting and non-inverting patterns which will minimize the absolute 
sum value to transmit the , selected pattern to the pattern inserting circuit r 1 3! The pattern 1 inserting circuit 
inserts the, selected T 9 ^e:M^ an ^ T code may be 

40 of an arbitrary value, such as 320T or channel bits. ! ' :: ' ' ■ < \ ; 

Thus, when inserting patterns each having a length of 2 (d + 1) bits at a pre-set interval of T CO de tiits 
into the sequence of (d, k) coded information, and NRZI, modulating the sequence of the code information 
interlaced with the patterns B for outputting the DSV Controlled modulated coded information, the patterns 
may be selected on the bapis of the (d + 1) bits preceding and succeeding the pattern insertion and the 
45 minimum length between transitions J min may be increased for improving e.g. the recording density. of the 
recording medium. 

It is to be noted that th0 present invention is not limited to the above-described illustrative embodiments 
and may be applied to, for example, so-called synchronizing signals.- Specifically, in the (4, 22; 2,,5; 5) 
code, for example, two different synchronizing signals, namely a synchronizing signal which is composed of 

50 50 bits of 23T; 21T and 6T and in which three transitions occur (ASYNC), and a synchronizing signal which 
is composed of 50 bits of 21T, 23T and 6T and in which three transitions occur (BSYNC), as ^shown in 
Table 2, are employed.' In the (4, 18; 2, 5; 6) code, for example; two different synchronizing signals 
composed of 50 bits of 19T, 17T and 14 bits and in which four transitions occur (ASYNC), and a 
synchronizing signal in which three transitions occur and which is composed.of 21T, 23T and 6T (BSYNC), 

55 as shown in Table 3, are employed. On the other hand, in the (4, 19; 2, 5; 5) code, for example, two 
synchronizing signals composed of 50 bits of 20T..19T and 11 bits and having four transitions (ASYNC) and 
a synchronizing' signal having four transitions and made up . of 19T, 18T and 13 bits , (BSYNC), . are 
employed. The selected pattern is inserted into 2 (d + 1) = 10 bits following these synchronizing signals in 
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accordance with the above-described algorithm for DSV control. 



Effect of the Invention 



It will be appreciated from the foregoing that, in, . accordance with the present invention, by inserbng 
patterns each having a pre-set length into the sequence of coded inf °7 atio " at ^ 
subsequently NRZI modulating the sequence interlaced with the patterns for outputting he DSV cont oHed 
modulated coded information, the DSV of the modulated coded information may be controlled on the bas.s 
of the number of inserted "Vs. . n . . v 

A.so. by inserting the patterns each having a length equal to 2 (d + 1) brts into 
coded information at a pre set interval. NRZI modulating the resulting sequence of coded information 
placed In the patterns, and outputting the sequence of the , DSV controHed «^ 
information, the DSV of the modulated coded information may be controlled on the bas.s of the number of 
inserted -1-8. while the pattern length may be minimized and the redundancy may b» prevented from 
being increased, with the pattern-interlaced sequence of the coded informat.on perpetually meetmg the 

^ BesWes. by setting the pre-set interval so as to be inversely proportionate _ to the grange-cut-off 
frequency, the DSV control characteristics may be adapted to the demand ra.sed by the transmission 
system. That is. the increase in, redundancy : may be suppressed to a necessary minimum value. In other 
word. DSV-related constraint conditions in code designing may be eliminated to enable the optimum and 

versatile code to be designed easily. .. , „ .. ^■.■ i -- a _ fl „ J> th _ 

On the other hand, by employing, the three patterns, havmg the number of 1 s of 0. 1 and 2. the 

increase in redundancy may be suppressed to a necessary minimum value. , . 

■ By summing the DSV upstream of .the currently inserted pattern to the DSV of the sequence of coded 

'^SS^^^P^m inserted pattern. and the pattern to Wj^^.™?^!^ 
inserting one of the three different patterns which Will diminish the absolute value of the sum to a minimum, 
the DSV may be changed significantly by the patterns of shorter lengths. ■ ..... k< „^ ..... , ^ 

By reproducing; the. pattern-interlaced sequence of I coded information by NRZI demodulat ng the 
modulated coded information, and by removing the patterns from the pattern-interlaced ^uence^coded 
information for reproducing the sequence of original coded information. Playback may be achieved m a 
manner free from errors ascribable. to dc components. . .. ' '„..."...'... . . . 4n ^ 

Besides, when inserting patterns each having a length of 2 <(d v 1) bits at a pre-set -nerval "to^ ^e 
sequence of (d. k) coded information, and NRZI modulating the sequence of the code ^a^ .r^rtaced 

,.JS> the patterns for outputting the psv^corttrolled modulated cdd^d i ^ at '^:^;S , ^ i n ^ v 
selected on the . basis, of the (d + . 1) bits before and after trie pattern insertion, such that DSV control may 
beSed wS^.the codingVule remain^ satisf fed: Aiso. by employihg (d + • 1) bits before and after the 
pattern insertion.' the frequency of occurrence of the minirrium length 'between trans.t.ons may be 
increased, as a result of which the recording density of the recording medium may be '"creased. ^ 

a.BRIEF, DESCRIPTION, QF f HE-DrM<N^ ..' ^ '1 .^V^,' !^'^'..^-^-'i.^.^ K r. 

F\gA ^ abio^kview'iliustratind'the essential portions of the circuit arrangement of a modulating device 
accordinq to the present invention. . . , ....... ...... . 

Fig.2 is,a.timing chart got illustrating the Operating principle of the rnodulating device shown nnFi -t_ _ 
",; Fig.3 shows' low-frequency characteristics of the modulated coded information when the (2. 22, 2. 5, 5) 

^^Fig-'lThows^low-frequency characteristics of the modulated coded information when the RLL (2. 7) 

modulation is employed. . „ . rfll ,., ilV) 

Fig.5 is a. block view showing essential prtions of the circuit arrangement of a -demodulating device 

according to the. present invention. . . ...... . „ t '„J t . ~« 

Fig.6 is a block view showing a concrete circuit arrangement of a pattern generating circuit of the 



modulating device shown in Fig.1. 
Explanation of Numerals 
11 



1 1 encoding circuit; 12 pattern generating circuit; 12a - DSV calculating circuit; 12b "' directly- 
previous and directly-following bit processing circuit; 12c " pattern decision circuit; 13 pattern inserting 
circuit- 14 - modulating circuit; 15 - timing control circuit; 21; demodulating circu.t; 22 pattern removing 
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circuit; 23 - decoding circuit; 25 ■ timing control circuit. 
Claims 

5 1. A modulating method comprising inserting patterns bl, b2 f ...) each having a pre-set length (Tdc) into a 
sequence of coded information (at , a2, ...) at a pre-set interval, and 

NRZI modulating the sequence of coded information interlaced with the patterns (b1, b2, ...) for 
outputting the DSV controlled modulated code. 

70 2. A modulating method comprising inserting a pattern (b1, b2 ...) having a length (Tdc) dual to 2 (d + 1) 
bits at a pre-set interval into a. sequence of (d, k) coded information, and 

,NR2I modulating the sequence of (d, k) coded information interlaced with said patterns (b1, b2v :..) 
, for outputting the DSV controlled modulated coded information. u 

75 3. The modulating method as claimed in claim 1 wherein said pre-set interval is of a value inversely 
proportional to the low-range cut-off frequency of the modulated coded information. 

4. . The modulating method as claimed in claim 2 wherein said pre-set interval is of a value inversely 

proportional to the low-range cut-pff frequency of the modulated coded information. 

20 ' 

5. The modulating method as claimed in claims 1 or 3 wherein said patterns : (b1, b2, ...) comprise three 
different patterns, that is a pattern with 0 "1", a pattern with 1 "1" and a pattern with 2 "1"s. 

6. The. modulating , method as claimed in claims 2 or 4 wherein said patterns (bi, b2, : ..^comprise three 
25 different patterns, that is a pattern wi^^ 

7. The modulating method as claimed in claim 3 wherein said patterns (b1, b2; :..) comprise three 
different patterns, that is a pattern with 0 "i", a pattern with 1 n i" Wid a pattern with 2 "1"s. 

30 8. The modulating method as claimed in claim 4 wherein said patterns (b1, b2, .:.) comprise three 
different patterns, that is. a pattern with 0 W V\ a pattern with~1 n 1" and a pattern with 2 n 1"s. 

9; The modulating, m^ 

, summing the DSV upstream of a currently" inserted pattern (b1) to the DSV of a sequence of coded 
35 information between the currently inserted pattern (b1) arid a pattern td be; inserted-" next time (b2) and 

selectively Inserting one of said, three different patterns which will give the smallest absolute sum value. 

10. The modulating method as claimed in I claim 6 comprising '-' - ; 

summing the DSV upstream of a currently inserted pattern (bl) to the DSV of a sequence of coded 
AO information between the currently inserted pattern (b1) and "a pattern W ! be inserted rieWtirrie 5 (b2) 7 and 

selectively. inserting, one. of said three different patterns which will give the smallest absolute sum value. 

11. The modulating method Las claimed in claim 7 comprising :: 
summing, the DSV upstream of a currently inserted .pattern (bi) to the DSV of a sequence of coded 

45 information between the currently inserted pattern (bl) arid a pattern (b2) to be ihserted next time and 

j selectively inserting one of said.three different patterns which will give the smallest absolute sum value. 

12. The modulating method as claimed in claim 8 comprising • 
summing the DSV upstream of a currently inserted pattern to the DSV of a sequence of coded 

50 information between ; the currently , inserted pattern (b1) and a pattern (b2) to be ihserted next time and 

selectively inserting one of said three different patterns which will give the smallest absolute sum value. 

13. A modulating device comprising 

pattern inserting means (13) for inserting patterns each being of a pre-set length into a sequence of 
55 coded information, and 

modulating means (14) /for NRZI modulating the sequence of coded information interlaced with the 
patterns from said pattern inserting means (13), : -' 5 : 

said modulating means (14) outputting the sequence of DSV controlled modulated coded informa- 
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tion. 



14. A modulating device comprising 

pattern inserting means (13) for inserting patterns <bl, b2. ...) each being of a length equal to 2 (d 
+ 1) bits into a sequence of (d, k) coded information at a pre-set interval, and 

modulating means (14) for NR2I modulating the sequence of (d, k) coded information interlaced 
with the patterns (b1 , b2 ...) from said pattern inserting means (13), 

said modulating means (14) outputting the DSV controlled modulated coded information. 

70 15. The modulating device as claimed in claim 13 wherein said pattern inserting means (13) insert the 
patterns <b1 , b2, ...) at a pre-set interval inversely proportional to the low-range cut-off frequency of said 
modulated code information. 

16. The modulating device as claimed in claim 14 wherein said pattern inserting means (13) insert the 
75 patterns <b1 . b2. ...) at a pre-set interval inversely proportional to the low-range cutoff frequency of said 

modulated code information. 

17 The modulating device as claimed in claim 13 wherein said pattern inserting means (13) select and 
insert one of three different patterns, that is a pattern with 0 "1\ a pattern with 1 "1" and a pattern with 

20 2 "1 "s ; 

18 the modulating device as claimed in claim 14 wherein said pattern, inserting means (13) select and 
insert one of three different patterns, that is a pattern with 0 "1\ a pattern with 1 and apattern with 

2 ""i'"s. 

19 The modulating device as claimed in claim 15 wherein said pattern inserting means (13) select and 
insert one of three different patterns, that is a pattern with 0 "1", a pattern with 1 "1" and a pattern with 
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30 20 The modulating device as claimed in claim 16 wherein said pattern inserting means (13) select and 
' insert one of three different patterns, that is a pattern with 0 "1". a pattern with 1 "1 " and a pattern with 
2 "1 n s. 

21. The modulating device as claimed in claim 17 comprising control means (15) for causing said pattern 
35 inserting ^meahs (13)' to sum the DSV upstream of a currently inserted pattern to, the DSV of a 

sequence of coded information between the currently inserted pattern , (b1) and . a pattern^) to be 
inserted next time and to selectively insert one of said three different patterns which wjlLgive the 
smallest absolute sum value. 1 • 

22. The modulating%evice ; as ^ ^claimea in claim 18 comprising^control means (15) for causing T said pattern 
inserting ; means* 3) to ! sum the DSV upstream of a currently;, inserted pattern to the DSV of a 
sequence of coded information between the currently inserted pattern (b1) and a pattern (b2) to be 
inserted next time and to selectively insert one of said three different patterns which will give the 
smallest absolute sum value. 

23. The modulating device as claimed iri claim 19 comprising control means (15) for causing said pattern 
inserting means (13) to sum the DSV upstream of a currently inserted pattern (bt) to the DSV of a 
sequence of coded information between the currently inserted pattern (bl) and a pattern (b2) to be 
inserted next time and to selectively insert one of said three; different patterns which will give the 

50 smallest absolute sum value: - 

24. The modulating device as claimed in claim 20 comprising control means (15) for causing, said pattern 
inserting means (13) to sum the DSV upstream . of a currently inserted pattern (bl) to the DSV of a< 
sequence of coded information between the currently inserted pattern (b1) and a pattern <b2) to be 

55 inserted next time and to selectively insert one of said, three different patterns which will give the 

smallest absolute sum value. 
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25. A demodulating device comprising 

demodulating means (21) supplied with a sequence of modulated coded information, said se- 
quence of -modulated coded information having been interlaced with patterns at a pre-set interval and 
subsequently NRZI modulated with DSV control, said patterns being each of a pre-set length, said 
5 demodulating means NRZI demodulating said sequence of modulated coded information and reproduc- 

ing said sequence of coded information interlaced with the patterns, and 

pattern removing means (22) for removing the patterns from the sequence of coded information 
interlaced with said patterns from said demodulating means (21) for reproducing the original sequence 
of coded information. 

70 ' ' 

26. A modulating method comprising 

inserting patterns (b1, b2, ...) each being of a length equal to 2 (d + 1) bits into a sequence of (d, 
k) coded information at a pre-set; interval, NRZI, modulating the sequence of (d, k) coded information 
interlaced with the patterns from said pattern inserting means (13), and outputting the sequence of DSV 
75 controlled modulated coded information, 

said patterns being selected on the basis of (d + 1) bits preceding and following insertion of said 
patterns. 

27. The modulating method as claimed in claim 26 comprising 

20 selecting said patterns (b1, b2, ...) on the basis of (d + 1) bits directly following the pattern if 1 is 

not present in (d + 1) bits directly preceding the insertion of said patterns and ) is present in the, (d + 
1) bits directly following the insertion of said patterns - t and , 

selecting said patterns (b1, b2 ...) on the basis of the (d + 1) bits directly preceding the pattern if 1 
is present in the (d + 1) bits directly preceding the insertion of said patterns and 1 is not present in the 

25 r (d + 1) bits directly following the insertion of said patterns. 

28. The modulating method as claimed in claim 26 wherein 

if 1 is not present in the (d + 1) bits immediately preceding the inserted pattern (bl) nor in the (d 
+ 1) bits immediately following the inserted pattern, said pattern js set to a first inverting pattern in 
30 which only the (d + 1)th bit as: counted from the least significant, bit as the first bit is l or to a first non- 
inverting pattern having two "1"s and satisfying the coding rule of said (d, k) code, 

if 1 is not present in the immediately preceding (d + 1) bits and 1 is present in the immediately 
- following (d + 1) bits, said* pattern, is set to a. second inverting pattern -haying its, upper (d + X) bits 
equal to- said immediately following (d + 1) bits and .having its lower (d + 1), bits all 0, or to a second 
35 non-inverting pattern in which said immediately following (d + 1) bits are repeated .twice, 

if 1 is present in the immediately preceding (d bits and 1 is not present in the immediately 

following (d + 1) bits, said pattern is set to a third inverting pattern having its upper (d r + 1), bits all 0 
and having its lower (d + 1) bits equal to said immediately preceding (d + 1) bits or to a third non- 
^ inverting ^pattern iri' which said immediately ^preceding (d + :1) bits ar^Tepeate^twicet^and.^, , r 
40 " ' if 1 is ! present in bottv of said; immediately preceding (d; : + 1) bits and said immediately following" fd 
■■■■j o+ ^ b j^5^ said pattern is set to: said first inverting; pattern or a fourth non-inyerting t ,pattern consisting of 
said immediately preceding (d + 1) bits and said immediately following (d + 1) bits, 

29. The modulating method as claimed in claim 27 wherein 

45 : if 1 is hot present in the (d + 1) bits immediately preceding the inserted s pattern, nor in the (d -k ,1) 
bits immediately following the inserted pattern, said pattern is set to a first inverting pattern jrv which 
only the (d + 1)th bit as counted from the least.significant.bit; as the first bit is.1 or to a first non- 
inverting pattern having two "1 n s and satisfying the coding, rule of said (d, k) cod|e] ( 

if 1 is not present in the immediately preceding (d + 1) bits and 1 is present i; |n the irnmeclia'tely 
so following (d + 1) bits, said pattern is set to a second inverting pattern having its upper (d +. "0 b ' ts 
equal to'said immediately preceding (d + 1) bits and having jts lower (d + 1) bits ali o, or to a second 
non-inverting pattern in which said immediately following (d +; 1) bits are repeated twice, , 

if 1 is present in the immediately preceding (d + 1) bits and 1 is not present in the Immediately 
following (d "+ 1) bits, said pattern is set to a third inverting pattern having, its upper (d . + 1) bits all 0 
55 and having its lower (d + 1) bits equal to said immediately preceding (d + 1) bits or to a third non- 
inverting pattern in which said immediately preceding (d + 1) bits are repeated twice, and 

if 1 is present in both of said immediately preceding (d + 1) bits and said immediately following (d 
+ 1) bits, said pattern is set to said first inverting pattern or a fourth non-inverting pattern consisting of 



20 



EP 0 597 443 A1 



said immediately preceding (d + 1) bits and said immediately following <d + 1) bits. 

30. The modulating method as claimed in claim 28 wherein, . < Mr> 
il the relation 2d < k < (2d + 1) holds, said fourth non-inverting pattern is selected on the basis of d/2 
bits, d being an even number, preceding and following the insertion of said pattern, or (d + 1)/2 bits, d 
being an odd number, preceding and following the insertion of said pattern. 

31. The modulating method as claimed in claim 29 wherein, ... , AIO 
if the relation 2d < k < (2d + 1) holds, said fourth non-inverting pattern is selected on the basts of d/<> 
bits, d being an even number, preceding and following the insertion of said pattern, or (d + 1)/2 bits, d 
being an odd number, preceding and following the insertion of said pattern. 

32. The modulating method as claimed in claims 28 or 30 comprising 

summing the DSV upstream of a currently inserted pattern to the DSV of a sequence of coded 
information between the currently inserted pattern (b1) and a pattern <b2) to be inserted next time and 
selecting said inverting patterns or said non- inverting patterns so that the absolute sum value becomes 
the least. 

33. The modulating method as claimed in claims 29 or 31 comprising 

summing the DSV upstream of a currently inserted pattern (b1) to the DSV of a sequence of coded 
information between the currently inserted pattern and a pattern (b2) to <be inserted next time and 
selecting said inverting patterns or said non-inverting patterns so that the absolute sum value becomes 
the least. 

34. The modulating method as claimed in claim 30 comprising ^ 

summing the DSV upstream of a currently .inserted pattern to the DSV „oi a sequence of coded 
information between the currently inserted pattern <b1) and a pattern (b2) to be inserted next t. me and 
selecting said inverting patterns or said non-inverting patterns so that the absolute sum value becomes 
the least. ■ ' " 

35. The modulating method as claimed in claim 31 comprising ^ . : 

summing the DSV upstream of a currently inserted pattern (b1) to the DSV of a sequence of coded 
information between the currently inserted pattern. (b1) and a pattern <b2Bp be inserted next time and 
selecting said inverting patterns or said non- inverting patterns so that the ^solute sum value becomes 
the least. '? " ' v 
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